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(54) RECEIVER AND RECEIVING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To accurately reproduce a 
clock signal in an OFDM(orthogonal frequency division 
multiplexing) receiver. 

SOLUTION: I channel data and Q channel data are 
undergone differential demodulation by a differential 
demodulation circuit 503 and supplied to a ROM 512. 
The ROM 512 read inter-symbol phase fluctuation 
quantity that corresponds to differential demodulation 
data and supplies it to a gate circuit 514. The circuit 514 
extracts only a component that corresponds to a pilot 
signal in input data and supplies it to a code inverting 
circuit 521 and a selector 522. The selector 522 selects 
an output of the circuit 514 when the frequency of a 
pilot signal is a positive value, selects an output of the 
circuit 521 in the case of a negative value and outputs it 
to an accumulative addition circuit 515. The circuit 515 
accumulatively adds values that are outputted from the 
selector 522 over a symbol period and outputs an 
acquired value to a mean value circuit 516. The circuit 

516 balances outputs of the circuit 515 and controls an oscillation frequency of a clock signal in 
accordance with an acquired value. 
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0 — 3 0 8 7 



1 1 OF DMm^SrSft-f^^m^SlC^V * 

(SISAL 

[»*SU ] SJS^IC^^ii^OFDM^Wm-^ 

^KiSJg*aicJ:91ig$HytOFDM^HI{a^i:, ig 
lfl»#JS 5 ] OF DMm^«rSf§r <5Sm^«felC*5V * 



6 ] of DMra^fcgfrr esft^Kicfev * 

x, 

y * fi#<o£3fc«[ SrfcUSH-* t frit* 6 ^ t * 

tsr*^ 7i of DMm#«rsmr-5S(§^^ic*5v^ 

^js^«^^$itfco f DMt$rora^€r*na v^tf/v 

ttiKjgig ^^y^»cj:t)ii3g$nfcoF DM^ram^- 
igjg$HTt^v^t>i:ooFDM^iBm#t<onao 

[000 1] 
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[0002] 

T, t£XraafcSt#W£&#5t (OFDM : Orthogonal F 
requency Division Multiplexing) £ DfrZHSgflW^iS 

M@36£n-o>a 0 zoo f DMttn&&m*$.ft\z& 

«&im48l£^-*«rWD PSK (Phase Shift 

Keying) ^QAM (Quadrature Amplitude Modulatio 
n) \Z.£*>r<( ^^^WtS^TfcS. :<O^T 

ft 1 Bfcfc 9 o*ttllK< /x 0 , < *6 

t o o o 3 ] :oof DM^-rn#»oBiiift^&^3fe 

[0004] W±0«/ir^«^bO F DM^tt, ^ 
VB-T (Digital Video Broadcasting-Terrestrial) 

[0005] *1i&X<r>*m&&m<r>m&\c£ •> Alfttt 

y^SCtft (WTFFT (Fast Fourier Transform) 

fciafc-r*) ^i&fm?— y~m&& (etfifft 

(Invert Fast Fourier Transform) £f&5£-$-5) 

Ttt^lCOFDM^lC«<5<XW«rfrofc»), 
lCttWr^<P^T^e«»C<Cofc<Ft>OFDM^^tt 

[0006] (a 1 o no F DMgm«<Ofl|fifcWSr^r^ 

o^®-?*,*. sftryftioifi, RFia^i 
igi-a. jrjnhiw i o 2tx % fa-tio3^p,^$ 

H*i^£offifc#£:rt-Sfa#*fc R Fff ^ 

6. ^MX7-(^ 1 0 4tt, JfctftsHSl 0 2<om 
/jA*M7rSI<OI Ff&**rWlllH* # A/l> (AimroIriioI 
IMRllrtl) AHSIHIW I o |,|J., f ,\ v | 

[ooo7] f-v/wf^i/^ti o era:, f** ^*/Wfc 

^«r»«»lilt5. dw^7^^10 7, 108 

k) ora^icg&ra. 



$$BB¥l 0 — 3087 1 5 

[0 0 0 8] &#Jfe*[«]j&l 0 9fl, ftlaVhu-^ 
JS^IhIKI 1 OJ:OW&$n«5^<D/23K»<om^lcJ: 

i«^7-y3i«ftlH3Kl 1 2lc{fcf£-*-*. 
y^g&tEJKi l 2HOFDM^Wf§#«r«»[«:5>« 

[0009] ttHi£»#t51» 11314, lc£& 

$ Hfco f vM&itiftq-t Gto »#/h*k*: \ram $ 

[0 0 10] »3i^Stft«£fiS#le]K 1 l 4 tt, «K 

3£**WU fti)(i§]tti i l ictftti-s. Jra#(Hl»i l 
1 tt> m%^&&H&ft*lH]K 1 1 4 JrttHffiiRgls] 
ttl 1 3<0ttJ^«:J!ra»U-C«:{iS=i>'hci-/V^©Kl 

i oicifefc-*-*. 

[00 1 1] ^ny^^»tJ!c^gJKl 1 5Wt, I^-r 

^oy^«SIel»l 1 61*, *n**^afc*W£ 
SKI 1 SfrbK&ZtoZmWfcmz&CX* a 

[0012] J^i:, ^±<ot$^09<o»f^icoVNTK^i- 

[0 0 13] SftTV^-f 1 0 HCfcOlfS&SHfcRF 

tBqrk*Ws\&l 0 2lCt0 5fetf;*n6. 3fe*le)B8lO 

£ o„ i Fft^Mi&aisns r t 

[00 14] A/DgSMeJBl 0 5tt, 
Kl 1 6^tfi^-ri^ciy^(3#|c|3J)«UT, /<Vhv< 

^7>f/w^ 1 0 4a»bm*)£ns i Fte^&^ 
v/^i/^tioett, -r r -/^/Wb$n^m#35^ 

I ^ Y ^*/W3^£ + ^*/H3*§-£ «r^«n1iai LT 
a 7^107, 10 8 IC^rH-en^l&i <5. 
ow^7^1 0 7, 1 0 8(1, -tnfH, I^Y 

3VA-4-*. 

loo i u] W*w»|mIWi oyix, I- 1 1- -/i- 

JfiffitslK 1 1 0 X 0 «*&$n^0fi£<O«K«om^lc .t 

jS&^-yzng&iEiasi i 2»c#y^T6. ifis^7-y3i 

SlftSIB 112 MO F DMi*ram#*/gfcfi:## I 
[0 0 16] ^KmiHllSl 13tt, 

^HfcOF d\« wm# ^ &® ^ as * 
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I0017J ^w^TgfllBlK^T, OFDMltf$r 
€»i;ttf, 5fc**\ I F«f<OOFDM«^-«rSja^i« 
gJBtelBl 1 0*t56Sr<5^SiftSri^ffi!lO^ni:^ 

[0018] r-T, ^ggiP ^np./y ffi^fr iSfjjffia ^ 

[ooi9] &T\z3fc<zj?mvt± % m^m\c^xn 

[0 0 2 0] (ai m . /Wo^hWQPSK (Qu 
adrature Phase Shift Keying) T^W$HTl><6®^ 

y-h@K208-l, 2 0 8 — 2I4, FFTE*a*i& 
ZixtL I <f-\ *s*flSf—* t , Qf+^A^r-***: 

2M203- 1, 203-2H, Msl&2 
0 8 — 1, 2 0 8 — 2\Z£*)t&to£h,1t'<'(ay hft^ 
«r«tH^ix2«UTHi^i-6, Jfc*lelS& 2 0 5 tt, ^- 
»2 0 8-l, 208 — 2lCJ:D*ftffl£;h,fc/<-<n 

(002 ll «»@25206tt, 2*085203— lo 
ttJ27a*e> 2 JfcSK 2 0 3—2 OW^«r«H LTtftfj-*- 
*Ht«J*&2 0 7tt, JfcJ*®tt2 0 5Offl;ft£ttltte] 

m 2 o «om/jr»:3feW L-aiUji *. i. r p 2 <> sm. 

L0022] 2ktc, a-t<o|$^<o«jf^ic:o^rt%9ir 
6. 

[ 0 0 2 3 1 @i oiz.TF-r&m?- y *&&\m% 1 1 2 
</-MeI*&2 0 8 — 1, 2 0 8 — 2ic-tn-e^tA^$n 

6. y— H2IK2O8- 1. 2 0 8 — 211, I^-t^ 



o*&*fc,eftjaaiu 2**[3]&2 0 3— 1, 203— 

2, *5«fct/, *»ls3»2 0 5»c^|^6. 
[0 0 2 4] «»0^2O 5tt, ^-Me1K2 0 8 — 
1. 2 0 8 — 2^iOI*W^n^>rciy hm^Sr*» 
Ut, 5fc*@82 0 7|caj;*r*-*. 2*®K2 0 

3 — 1, 203— 2tt, -tiX-eiX, 4^— M5JK208 — 
1, 2 0 8 — 2lc£9fam£nfc/Mo;/Mt#«:2* 

bT«wiejK 206 icw^-rs. 

[0 0 2 5] «»lHJtt2 0 6tt, 2JfclHl!B203— 1 <0 
W^?>2*l5lK2 0 3— 2 0a^fc«jruafe#lE]& 
2 0 7 icffl;*?-*-*. *&JllsJ2& 2 0 7 tt, *U§:{eJB& 2 0 5 
<Offl^Ji:ttJ|:i«lK2 O 7 0ffi;*j«rJfc*LTL P F 2 0 9 
l-atfr*-*, LPF 2 0 911, $IT@%2 0 7om#l£ 

[0 0 2 6] £Li:tf>«fcpfc— aSO^ft^V^^e^^^ 

UT*fctti p y9tt^*>im&&\z.&^X* o 

y^5g«l»lKl 1 6^tTEr^n 7 ^t«:4 

[002 7] 

[%^^UJ:pi:^RJ@] &±<D2:5 

t£^***mn&*m^xm$t&m:tkM\.. 

regie* 5fiEffiB%, *3J:t*, Jft±&frea|-*-<5j a££ 

* ^?&to&&i*n*tem^x** y 

[0 0 2 8] 0j 2 (A) ICO F DMf3#CD*-: 

* h^AO-^Sr, P91 2 (B) tCtt^A-Tv^tt^S: 
SltfctiFOOFDMlt^O^^^ h7A«:^t. 

xjmn&mmxft&ztitt'^ay h&n-&&vx\,> 

6. K3l 2 (B) ^/v^^ld:0i3H& 
9 BfliSo J: 7 ^Sfelc J: ») /<>f p y h&q- 

[002 9] *fcWW£UiO J: 9 /jr^ailcltt^T//$n 
fct>O-Cfc0, Sf§ tfcO F DMfgf o y ^^Kft 

FFTiRttffiK^ ^»^<«^(ci;<5^lft^, 



r t £ S O F DM£ffi£E(D * a y ? f?£[51I&«rtg 
m+ZZk&Btok LTV**. 
[003 0] 

[003 1] f*#Jl 5 \ZKK*>&mj?mn^ O F DMfl 

sj*tt:*?y^fc. ^w^^^^cj: Qtetoztitzsu 

[003 2] 6 »£fc*o£fi£KHu 

^^H^OFDM^IHHt^Sr^^^/WJWW/iT^a 
Sffi#&IC£9gJg$HfcOFDM 
*frfflff^-fc, jgffi£ftTW*v^£oOFDM*#fBH3^ 

Sic J; o lftto$nfc*>^i*^»c*5Jt6*^:flto«l:lfl«rfi!; 

[003 3] » *JI 7 KfcfcOSf^SfcH:, S&tfttlC 
«lft$nfcOFDM^Wf&-^S:^V^/^!RI^ta 

OFDM»£Wf§#£ % »ffi$*tTWjrV*t>£<DOFDM 



(6) <ftW¥l 0 — 308 7 1 5 

[0034] »*JS 1 |cefft*>5Hi&1EI»SV*Tf2. O 
F DMra^££&^W<«ttfc|7-- y 3i£&U 

*f*. i»5 F F TSEftHK^O F DMftfSr 

V>Sl^^^O^K«U«^^, F F T$l&[s]% J: d 

[0 0 3 5] »^5»CE«(OS:m^lC*5V^Tn, O 
FDMm^-«:^^^y^«HRW7-»;ni^U, 3^ 

*) mit\z.ft bHitm&&&& t <orao{ii8^ifta«r»ai 

y ^-C*>6 F F TX&mK&O F DMm^«T»»ft«J 

^y* 7 / ci»i / -t- y ^ffiim v< ; t y icA«ift it cv * 
i I '>^K/i-rtfi</>MI«C«uA^>ir, FF TAM4NKJ:tiW 

[oo36] w^eiiie^osm^s^v^tt, m 

FDM^WMi, ®ffi$nrv><CV>t>i:<DOFDM^ 
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[003 7] »*JS 7 lCKtt<D£m;frfcK:^Ttt, £ 

l£lS^lcS5^$ttfcOFDM^mfg^-«r^^ 
$ *VCV >fc V * t> £ *> O F DM*$B9f&4§- 1 <OlS\<Dmtofc& 

xv- * ^icft^K/^ *tfc«r.fil * , Whur * Vic J; 0 Si 
[003 8] 

[0 0 3 9] ^OB3lC*5V>T, &Sto&m\s\1&S 0 3tt % 
R AM (Random Access Memory) 5 0 6, 507 (Kfg 
, ^C0K5 10, *>J:t^ &#Jfc*lH]?&5 

f ^/i^r - * *5 J: t/ Q 7* * 1? Sr&IMffSH 

-f-*J:5i::fc£nT^*. RAM5 06. 50711, A 



©)BPtE]B5 2 0 (**it^&) frh<»WQffi%c\US 

*TW^r*J:pK:/j;$ttrv^ 0 ft*§-£*3e)&5 1 o 
tt, RAM5 0 7OHiyj7 f -^O^#«rS<ELTai^r 

[0040] &aufc*iE]8 5 1 &mtst\,x\,*tj:\,* 

U I ^Y^/i^-^Q^V*/^— 

«rfrv\ iBJ«£mfc£^tt5 2 3£&tttf#5 24£ 

[004 1] 

(1 + j Q) (i '— j d) • • • (i) 

[0 0 4 2] ROM (Read Only Memory) 5 1 2 (KM 

&m rat. r— * GSjEfcHso x-** 

^ir^/^-^lc^^<5(St4a^»S^--^ 5 1 3$r 
[004 3]^-«514 (i*m#a) ttU $m\B\ 

K5 2 00}&JTOtl:ttoTROM5 1 2A^W^$tL 

5 1 3)5»b, aHHS3T^$nfc^ 

[004 4] 2 ttfcJffiIlE]8 5 2 OlCioT 

nn^- h®^5 1 4^e>^A^$nfc(t4asc»s«r 

1 35^A>J$H^^«jSSrS^UT3ReWO»®K5 
iCXOWKnm^n/i:^, ir l^^^5 2 2^^>|l\yj*n^ 

[oo4 6] ¥^{a®%5 1 6 ($m*m n> %wm 

*IhIK5 1 5*^W3j?^lcai^$H5, 

»1 1 6Sr©)^Sfc«>(Dffi|S83^&5 1 7«:»[ai-ra 

[0 0 4 7] it»lH]K5 1 8 UfctH^®) ttt, ^ny^ 

T©)®tHlK5 2 OlcfiiS-r* J: plc^$HTV^6 # Bp 

tt&®&5 1 8tt. | ->v a KyUBnfg«if«ig^^^n 
-Cfc^*&^IC^-r<5ffi5 1 9 VL#&&&S 1 7<T> 
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loo 4 8] W:, U±.<o%1fgc>mtev > ihm^\^x1SL 

[0049) flhttf, $m«HSJ^*5V>T, xSf&OJ^fRlX! 
UTv^<ct>^ u y^ft^lcj: OOF DM^**? £&JI 

Er-=d.+ *+n k fi+k (1 + 6) 
0 t^i»*= 0 •* $ + ( n + 1 ) k 6 + k 
8 te-uk — Qk = k 6 ♦ t — s • • « 
[0 0 5 2] 5£ (2) tt&n#B<Dv^tf/WcO 

•8^, V%rt®k»BiT)B1»*KWi««feJc*H-6^/w^ 

TV**. XK, 5* (3) ttf8 <n+l) #goi/y^ 
Off* k # B O9l!ftiS»^«£«0«?o(fi[«7 f - *~C*>9, 

it (4) na; (3) a>f>i£ (2) Lfcisst-cfc 

[OO 5 31 Ja±tf>W«frC92 IC^j-. W2 (A) K*J 
V^T, en.,, cb.,, c a., c b.Mt, -til-t'HM 
ifc«Ca. biO/<-f« * Mffl*<Ojft ( n — 1 ) J&M&fcll 

6 c a.-i, e c b,., 0 c a., 0 c b.tX^tt^tKO 

1^57^2 (A) ^t*J;5lCtt«5pffi±|C*5lt*{t 
«lcTn^CT<*. ^w*C % (n— 1) # 

0, S^tfOMc J; (FFT&flMBK 
6. 

[0 0 5 4] HP*,, 12 (B) {ZJjt-rX?^ m (n— 
1) #Bi:mn#BcowjK/KO|&f!»t|[WSr^«)5l:, 

**5, COtaiC^V>T, dca., dcb.tt, -t 
ft-WWSfcft: a , b CD/W d y Wtf/Mfflg*) 
ttW&Ofl^^ffiJiO^--* dCc an, d0 
c b nrt-tn-eixOttffifi'CfcO. 

(0 0 5 51 C<Di: ^|cUTv->Jj?/wmT^»JtffWSrtf 



[0 0 5 0) #**ttWlc**{fc*SK£:fcj: 



£ WTO £ Slcfc*. 

[005 1] 
c+V»+f. • • • (2) 

(1 + 6) T+Vi+c-i • • • (3) 

(4) 

[0056] £r*>-<\ #'>*& : tt\zl:Z&&nTby 
^k) ^mSrfflv^r^ixSr»^<5Zi:^-C*6o -e<o«$ 

[0 0 5 7] tw^T, VMmXTtMWnTj W>\> 

/t^i^rt, -e <o ^ ic*5 1 1 a_F£XMffiisdS±^> 

[0 0 5 8] «|V>T, Ml<OHi6(0^<icT>«|f^|COV>T 
[0 0 5 9] »^7-y^^lElttl 12 (Sfft^S) 
SOUQft >*ASr— 9 5 0 2(1, 

®!55 0 3lcA^r$n6. 
[0 0 6 0] ^oy^^Kf^(0^|cfcV>Ttt:, l&ft 

ttnisns 5 o 3 -m, itt^/^^tQft^ 

^-^^tO^Rft^J V^|:RAM5 0 6, 5 0 

7^^tm^«»tsiK5 i li^n-eftifcfcsn*. 

[006 1] RAMS 06, 5 0 7 ttfc)ftI[H]B& 5 2 0 1>* 



J 



7**~"& % *5£tA ^tSI5$nTl W#/vjgjE£ixfc: 

JNelK 5 1 1 let 0 * ( 1 ) lc*rf- J; 5 attftJRJWifc 
I f t>^f-^ 5 2 3JiJ:i;Qf t^/Wf 
5 2 4 t LTffl^H*. 

10 0 6 2] IttfciOi: 5 ic, a±o&fe (2£ib#IS) ic 

J: o , m^c^*nrv^6 f f T.«tt4f «ai&, m&fcm 

[0 0 6 3] 2 3. 5 2 4f*ROM5 

l 2UJdfcffc*&£H* *H&offi{c#j£rsv>jJ0Ml9 
VLft&Wi&S 1 3*tK^m$HT. ^-MhJKS 1 4 (c 

[0 0 6 4] Hs]&5 Htt, 1&J8P[h]85 2 OOfc) 
W^CT, ROMS 1 ZfrbtoXtstiZU^tfjufSfflr 

[006 5] flF^R<EI5H& 52111, Ms]|g 5 1 4 
* * 5 2 2 iCffcte-t-S, t^^5 2 2tt, 5 

[0066] BflWOJHelJS 5 1 5 fflff fc&V VjJVi^A 
^3$H*iff^iej^lHJK5 2 0^b{fc*&$n*f&JSP{t^ 
blCJt9!0JBin:$H^tt« tl/^^5 2 2^P)ffl^$h 

0K5 1 6HtVVJj?/H5lcA^^tt^*0f$tLfcfi:ffi» 
U favt&mm&l l 6$r^t-*{fc*BBS3£ft5 1 

[0 0 6 7] ^(OX^^aiCj:*), * a 

WKJ;oT#fcn*<fc4ata£S5 l 7#5MMUlTlc& 



(8) 1 0 — 3 08 7 1 5 

H5fc«>, vviK/wraiaKi«rase(itt^K^oo»^ 

[0 0 6 8] ®5tt. @4.lC^i-«e^ny^^«L«CK 
[0 0 6 9] U^U^b, *£l*Oj&ffiU;;*3l*Tri, 

itt4iH]K5 i 8a«pj3ffieii&5 i 6<omMm^ftz 

t «r*fcffi Lfcl&^W:, ^WtslK 5 2 0 KftiijW&#*rfft*& 
•J-^wfclCfcO. RAMS 0 6. 5 0 7(Ol«r@£<bt 

[0070] fip*>, JttfciaK 518 tt^v^liagM 
Wf-^^0Tfc5^l^t5T-^ 5 1 9 irttffi 
tftgfiS 1 7£«rifctfcU wtt^it^bv>4&^rt:fel^l|5j 

K5 2oic$wm#«r^6. mmis\%s2onz<o&m 

fr*!-$r£tt-t\ RAM5 0 6, 5 O 7 KftHtpff &ffc 
e>m^J$HTV^tStW^^-«rRAM5 O 6. 5 0 7IC* 

*ventete<*it*o sfeti)tftwi5)W5 0 3rj:, ra 

[0 0 7 1] K±O||ffi(0^|g|Cj:n«:. OFDMOT 

m&mmte&t* fft^^k^ ^/^^^icjie 

[0 0 7 2] -^IC, OFDM^reft^O 

gj6 (A) lc^-TJ:5l-, JMbwuOu 

ItaK^-ttfcOFDM^m^- (^6. (B) #JB) i;7C 
OOFDM^IWft^-tOffiMMSr, 3tf~ K^K*IlCSo 

(li (o ^ra) 

[0073] smaso^o-z^fg^tiSfSffliKo^ 
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*ric-jrc*>*A*, mz-tx* a 
too7 4] sx±<r>x5tmmiz&<}<^ *&m<o&2 

[007 5] 18ICO F DM^WKt^<04eB8ffl«rfflv^ 

[00 76] &&mmz&&zixizo F DM^H»m#<D 

7 O 3ttOFDM^WMf^-O^IW±SrftjfflbT4SBaffi«r 
04(1, A^^nfel^-ir^/v^tQ^-W^A-fife 
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